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Process for manufacturing a dual damascene structure for an integrated circuit using an etch stop layer 

(57) A process for manufacturing a dual damascene structure for an integrated circuit involves forming a first 
opening (135) in a stack of layers including a first layer (105), second layer (115) and an etch stop layer (110), 
and forming a second opening (125) smaller than the first opening (135). The second opening (125) is formed 
in a portion of the base of the first opening (135). Preferably the first opening (135) is formed before the second 
opening (125). The etch stop layer (110) may be a hardmask, and the first (105) and second (115) layers may be 
dielectrics The two openings may be filled with conductive material (145) to create vias and interconnects for 
an integrated circuit. Patterned masks (120, 130) may be used to produce the dual damascene structure, where 
the mask used to create the second opening (130) is deposited over the mask used to create the first opening 
(120). 
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FORM A SECOND INSULATING LAYER ABOVE THE ETCH STOP LAYER 



FORM A PATTERNED MASK ABOVE THE SECOND INSURING LAYER 



PATTERN THE SECOND INSULATING LAYER 



FORM A PATTERNED MASK ON THE PATTERNED LAYERS 



PATTERN THE FIRST INSUUTING . LAYER 
AND THE ETCH STOP LAYER 



-20 



•25 



•30 



•35 



•40 



STRIP THE RESIST 



PERFORM CLEAN OPERATION; 



FORM A CONDUCIVE LAYER IN THE DUAL DAMASCENE STRUCTURE 



•45 



■47 



•50 



) 



2/3 

FIG. 2 




FIG. 3 

135 




100 



3/3 



FIG. 5 




FIG. 6 




FIG. 7 




145 




) 2356974 



A Process For Manufacturing Aji Integrated Circuit Including A Dual- 
Damascene Structure And An Integrated Circuit 

Field of the Inventipn 

The present invention relates generally to integrated circuits and, more 
particularly, to a process for forming dual damascene structures in an integrated 
circuit. 

Background of the Invention 

Single damascene is an interconnection fabrication process for 
integrated circuits in which grooves are formed in an insulating layer and filled with a 
conductive material to form interconnects. Dual damascene is a multi-level 
interconnection process in which, in addition to forming the grooves of single 
damascene, conductive contact (or via) openings are also formed in the insulating 
layer. A conductive material is formed in the grooves and conductive contact (or via) 
openings. 

In one standard dual damascene process, a first oxide layer is deposited 
over a conductive structure. A hard mask is formed over the first oxide layer and a 
first patterned photoresist layer is formed on the hard mask. The hard mask is 
patterned using the first photoresist layer as a pattern. Hie first photoresist layer is 
removed and a second oxide layer is then formed over the hard mask. 

A second patterned photoresist layer is formed over the second oxide 
layer. Both the first oxide layer and the second oxide layer are etched to form the 
dual damascene opening. The first oxide layer is etched using the hard mask as a 
pattern and the underlying conductive structure as an etch stop. The second oxide 
layer is etched using the second photoresist layer as a pattern and the hard mask as an 
etch stop. The second photoresist layer is then stripped. 

This process involves a combination of different steps to form the dual 
damascene structure. For example, the hardmask is patterned prior to forming the 
second dielectric layer. Thus, the partially fabricated integrated circuit is transferred 
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between different processing systems to perform the different deposition and 
patterning steps. 

In another dual damascene process, a dielectric is formed and patterned 
using a first photoresist. The first photoresist is removed and the dielectric is 
.5 patterned again using a second photoresist. The vias and grooves are formed using 
the different patterning steps. This process uses a timed etch to control the depth of 
the grooves. This process is difficult to control Thus, it is desirable to develop a 
process that reduces the complexity of the process to form a dual damascene structure. 

Summary of the Invention 

10 ■ . • The present invention is directed to a process for forming a dual 

damascene structure. The process includes forming a stack including insulating layers 
and a stop layer where two masks are formed above the stack. One of the masks is 
used to form via or contact openings in the insulating layers and the second mask is 
used to form grooves for interconnections in the insulating layers. In one alternative 

15 embodiment, the grooves are formed before the via or contact openings. 

By using the two mask layers after the stack is formed, the number of 
processing steps and movement of the partially fabricated integrated circuit between 
systems may be reduced. In other words, the insulating layers and the etch stop may 
be formed and then subsequently patterned to form the dual damascene structure. 
20 Further, the insulating layer and the etch stop layer may be formed in the same 
chamber or cluster of chambers. Further, at least one resist strip process may be 
avoided^ 

It is to be understood that both the foregoing general description and 
the following detailed description are exemplary, but are not restrictive, of the 
25 invention. 

Brief Description of the Drawing 

The invention is best understood from the following detailed 
description when read in connection with the accompanying drawing. It is 
emphasized that, according to common practice in the semiconductor industry, the 



-2- 



various features of the drawing are not to scale. On the contrary, the dimensions of 
the various features are arbitrarily expanded or reduced for clarity. Included in the 
drawing are the following figures: 

Fig. 1 is a flowchart diagram illustrating the process for manufacturing 
5 an integrated circuit according to an illustrative embodiment of the present invention; 
and 

Figs. 2-7 are schematic diagrams of an integrated circuit during 
successive stages of manufacture using the process of Fig. 1. 

Detailed Description of the Invention 

The illustrative embodiment of the present invention is directed to a 
process for forming a dual damascene structure. The process includes forming a stack 
including insulating layers and a stop layer where two masks are formed above. the 
stack. One of the masks is used to form via or contact openings in the insulating 
layers and the second mask is used to form grooves for interconnections in the 
insulating layers. In an alternative embodiment, the grooves are formed before the via 
or contact openings. 

By using the two mask layers after the stack is formed, the number of 
processing steps and movement of the partially fabricated integrated circuit between 
systems may be reduced. In other words, the insulating layers and the etch stop may 
20 be formed and then subsequently patterned to form the dual damascene structure. 
Further, the insulating layer and the etch stop layer may be formed in the same 
chamber or cluster of chambers. Further, at least one resist strip process may be 
avoided. 

Referring now to the drawing, wherein like reference numerals refer to 
25 like elements throughout, Fig. 1 is a flow chart diagram illustrating an exemplary 
embodiment of the present invention Figs. 2-7 are schematic diagrams illustrating 
the successive stages of manufacture of an integrated circuit according to the flow 
chart shown in Fig. 1. 
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At step 10, a first insulating layer 105 is formed on a substrate 100. 
The first insulating layer 105 is, for example, a dielectric such as a high-density 
deposited silicon oxide (e.g., SiC>2). Alternatively, the first insulating layer may be a 
borophosphosilicate glass, a phosphosilicate glass, a glass formed from phosphorous 
and/or boron-doped tetraethyl orthosilicate, spin-on glass, xero gels, aerogels or other 
low dielectric constant films such as polymer, fluorinated oxide and hydrogen 
silsesquioxane. 

. The substrate 100 is, for example, a semiconductor such as silicon or 
compound semiconductor such as GaAs or SiGe. Alternatively, the substrate 100 
may be an intermediate layer in- an integrated circuit such as a dielectric, conductor, or 
other material In addition, the upper surface 101 of the substrate 100 may not be 
planar. In this case, the first insulating layer 105 may be planarized using, for 
example, chemical mechanical polishing (CMP) as is well known. 

At step 15, an etch stop layer 1 10 is formed above or in direct contact 
with the first insulating layer 105. In an alternative embodiment, one or more layers 
may be formed between the etch stop layer 110 and the first insulating layer 105. The 
material for the etch stop layer may be selected to be more etch resistant than the 
second insulating layer 115 for a selected etchant. In other words, the. etch stop layer. 
110 etches at a slower rate than the second insulating layer 105 when exposed to a 
selected etchant. For example, the etch stop layer may be TiN where the second 
insulating is SiCb.Further, the etch stop layer may be Ta/TaN,_Si3N4, a silicon-rich 
oxide, or a multi-layered Si02 dielectric 

At step 20, a second insulating layer 1 15 is formed above or in direct 
contact with the etch stop layer 115. The second layer 115 may be formed using the 
same materials and processes used to form the first insulating layer 105. At step 25, a 
first patterned mask 120 is formed above or on the insulating layer 1 15. The first 
patterned mask 120 includes openings that correspond to the runners to be formed. 

At step 30, grooves are opened in the second insulating layer 115. The 
grooves 135 may be formed using conventional etching techniques. During etching, 
the etch stop layer 1 10 is used to define the endpoint for this etching process. 
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Illustratively, the grooves 135 are formed by: 1) applying a layer of 
resist material (the first patterned mask 120) on the second insulating layer 115; 2) 
exposing the resist material to an energy source which passes through a reticle; 3) 
removing areas of resist to form the pattern in the resist; and 4) etching the grooves 
135. The energy source may be an e-beam, light source, or other suitable energy 
source. 

Subsequently, at step 35, a second patterned mask 130 is formed above 
or on the first patterned mask 120. The second patterned mask is formed so that the 
openings in this mask correspond to the via or contact openings (hereinafter 
"openings") to be formed, A portion of the second patterned mask may be formed on 
the walls 150, 151 of the grooves 135. As a result, the walls 150, 151 may not be 
further etched during the formation of the openings. 

Illustratively, the second patterned mask 130 is formed by: 1) applying 
a layer of resist material in the grooves 135 and on the first patterned mask 120; 2) 
exposing the resist material to an energy source which passes through a reticle; and 3) 
removing areas of resist to form the pattern in the resist. The energy source may be 
an e-beam, light source, or other suitable energy source. 

At step 40, the etch stop layer 110 and the first insulating layer 105 are 
patterned to form openings 125 corresponding to the interconnects between layers to 
be formed. The openings 125 may be formed using conventional etching techniques 
or a combination of techniques to etch through at least the two different layers. 

The openings 125 are contained or at least partially contained within 
boundaries defined by the walls 150, 151 of the grooves 135. Then, at step 45, the 
remaining portions of the mask Layers 120, 130 are stripped using well-known 
techniques and the partially completed integrated circuit is cleaned at step 47 using 
conventional processes. 

At step 50, a conductive layer 145 is blanket deposited above the 
second insulating layer 115 and in the openings and grooves. Then, the portions of 
the conductive layer outside the grooves 135 and on or above the second insulating 
layer 1 15 are removed to complete the interconnect. This may be accomplished using 
a conventional chemical mechanical polishing process. The conductive layer 145 is a 
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conducting material such as tungsten, aluminum, copper, nickel, polysilicon, or other 
conducting material suitable for use : as a conductor as is known to those skilled in this 
art. \ 

In an alternative embodiment, one of more. layers may be formed prior 
to the deposition of the conductive layer 145. These layers may be barrier layers 
preventing the migration of moisture and contaminants between the conductive layer 
and the surrounding layers. An exemplary barrier layer 147 is shown in Fig. 7. For 
example, if the conductive layer 145 is copper, a barrier layer 147 including layers of 
Ta and TaN may be deposited on the second insulating layer 120 and in the openings 
and grooves prior to the deposition of the conductive layer. Where the conductive 
layer 145 includes Al, a barrier layer 147. including layers of (1) Ti and TiN or (2) Ti 
and TiN and Ti may be used. 

In addition, a capping layer, such as Si3N 4 , TaN, TiN, or TiW may be 
formed on the upper surface of the conductive layer. Other materials for the barrier 
15 layer include WSi, TiW, Ta, TaN, Ti, TiN, Or, Cu, Au, WN, TaSiN, or WSiN. The 
barrier layer 147 may also function as an adhesion layer and/or a nucleation layer for 
the subsequently formed conductive layer. 

Subsequently, the integrated circuit is completed by adding, if 
necessary, additional metal levels that may including interconnects formed using the 
20 process above and conventional processes to complete an integrated drcuit. The 
integrated circuit also includes transistors and other components necessary for a 
particular integrated circuit design. The processes for manufacturing an integrated 
circuit including these structures are described in 1-3 Wolf, gihcoq Pro cessing for the 
VLSI Era . (1986), which is incorporated herein by reference. 
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What is Claimed: 

1 1. A method for manufacturing an integrated circuit comprising: 

2 (a) providing a stack of layers having a first layer, a second layer, and a 

3 stop layer; 

4 (b) forming a first opening having a base in one of the first layer and 

5 the second layer; and 

6 (c) forming a second opening smaller than the first opening in at least 

7 two of the first layer, the second layer, and the stop layer; the second opening formed 

8 at least in a portion of the base. 

1 2. The method .of claim 1 wherein step (b) is performed prior to 

2 step (c). 

1 3. The method of claim 8 wherein the first opening is a groove 

2 and the second opening is one of a via or contact opening. 

1 4. The method of claim 1 further comprising forming the stop 

2 layer between the first layer and the second layer to form the stack. 

1 5. The method of claim 4 wherein step (c) further comprises 

2 forming the second opening in the stop layer and the first layer. 

1 6. The method of claim 5 wherein step (b) further comprises 

2 forming the first opening in the second layer. 

1 7. The method of claim 5 further comprising exposing a surface of 

2 the stop layer to form the base. 

1 8. An integrated circuit formed according to the process of claim 

2 1. . 

1 9 . The method of claim 1 wherein step (b) further comprises 

2 forming a first mask layer and step (c) further comprises forming a second mask layer 

3 above the first mask layer. 

1 10. The method of claim 9 wherein step (b) further comprises 

2 using the first mask layer to form the first opening and step (c) further comprises 

3 using the second mask layer to form the second opening. 

1 11. The method of claim 9 wherein the first opening is a groove 

2 and the second opening is one of a via and contact opening. 
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1 12. The method of claim 1 wherein the first opening is a groove 

2 and the second opening is one of a via and contact opening. 

1 13. The method of claim 1 wherein the stop layer is a hardmask. 

1 14. The method of claim 1 wherein the stop layer is selected from 

2 the group consisting of Ta, TaN, Si 3 N 4 , a silicon-rich oxide, and a multi-layered SiOz 

3 dielectric. 

1 15. The method of claim 1 wherein the first layer and the second 

2 layer are a dielectric. 

1 16. The method according to claim 15 wherein the dielectric is 

2 selected from the group consisting of Ta, TaN, Si 3 N 4 , a silicon-rich oxide, and a 

3 multi-layered Si(>2 dielectric. 

1 17. The method of claim 1 further comprising forming a 

2 conductive material in the first opening and the second opening to form interconnects 

3 in the integrated circuit. 

1 18. The method of claim 17 wherein the conductive material is 

2 selected from the group consisting of Cu, Al, W, Ni, polysilicon, and Au. 

1 19. A method of manufacturing an integrated circuit comprising: 

2 (a) forming a plurality of layers; 

3 (b) forming a first mask layer; 

4 (c) 'for min g, prior to completely removing the first mask layer, a 

5 second mask layer; and 

6 (d) forming a dual damascene structure using the first mask layer and 

7 the second mask layer. 

1 20. The method of claim 19 further comprising; 

2 (e) patterning, after step (c), two layers of the plurality of layers. 

1 21. The method of claim 20 further comprising: 

2 (f) patterning, prior to forming the second mask layer, a layer of 

3 the plurality of layers, the layer different from the two layers. . 

1 22. The method of claim 15 further comprising forming a 

2 conductive material in the dual damascene structure to form interconnects in the 

3 integrated circuit. 
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1 23. A method of manufacturing an integrated circuit comprising: 

2 forming a plurality layers having an upper surface; 

3 forming, prior to patterning the plurality of layers, a first mask layer 

4 having a first pattern above the upper surface; 

5 forming, after patterning a layer of the plurality of layers, a second 

6 mask layer having a second pattern above the upper surface and above the first mask 

7 layer, the first pattern different from the second pattern; and 

8 fo rmin g a dual damascene structure using the first mask layer and the 

9 second mask layer. 

1 24. The method of claim 23 further comprising forming a 

2 conductive material in the dual damascene structure to form interconnects in the 

3 integrated circuit. . 
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